The experiments of this study were preformed to study the synthesis process for lightweight aggregate geopolymer concrete (LWAGC) using normal sand as a fine aggregate and expanded clay as lightweight aggregate. The LWAGC was synthesized by the alkali activation of a fly ash (FA) as the source material by mixture of liquid alkaline activator. The resultant LWAGC possessed a compressive strength of 18.86 MPa at age of 28 days with oven-dry density of 1438.7 kg/m 3 .The microstructure images showed that the high alkalinity chemical reaction of the geopolymerization process does not react with the used aggregate, and the smooth surface of the aggregate declined the interaction between the geopolymer matrix and aggregate. The significant result of the current study was the proven of the reliability of the ACI 211.2-98 standard used for designing and mix proportioning of OPC lightweight aggregate structural concrete in the production of LWAGC.
Introduction
It is a well-known fact that the lightweight concrete (LWC) has more advantageous than the normal weight concrete by the reduction of the dead-weight of structure, better thermal insulation for buildings and less cost for transportation. The usage of lightweight aggregate (LWA) is one of the most common methods used for making lightweight building materials. The lightweight aggregate concrete (LWAC) has obvious advantages of high strength-to-weight ratio, good tensile strength, low coefficient of thermal expansion, and superior thermal and acoustic insulation characteristics due to the air voids within its structure [1] . LWAC are commonly used in the construction of buildings, bridge deck pavements, and for some bridge superstructures [2] [3] [4] . On the other hand, the efforts of producing new building materials could replace the ordinary Portland cement (OPC) has been increased in last two decades. The geopolymerization technology can reduce the CO 2 emissions by 80-90 % as compared with OPC, extremely low costs while offering excellent mechanical and chemical resistance properties [5] [6] [7] . The resultant geopolymer material can be used as a binder instead of the OPC binder. However, despite of the increase attention to the advantages of geopolymer materials, there are significantly few published studies and researches regarding to the utilization of the lightweight aggregate in production of lightweight geopolymer concrete (LWAGC). Hu et. al [8] studied the fire resistance of lightweight geopolymer mortar produced by the activation of metakaolin (MK) with alkaline activator of soluble sodium silicate and NaOH solution with crushed shale haydite sand as a lightweight fine aggregate. They reported a strength loss percentage up to 63% of the initial strength after exposed to temperature 950 ºC for 30 min. In the method known as "no-fines concrete", Wu and Sun [9] reported a no-fine LWAGC based on the activation of FA with liquid mixture of Na 2 SiO 3 and NaOH solution. They used two types of LWAs, namely, Cenospheres and expanded polystyrene (EPS). The optimum EPS concrete possessed a compressive strength of 22.6 MPa and an Oven-dry (OD) density of 1010 kg/m 3 at 28 days, while the optimum Cenospheres concrete proceeded a compressive strength at range of 12.8 MPa and an OD-density of 1020 kg/m 3 at the same aging period. Zuda et. al [ 10] adopted the fineground slag for making no-fine lightweight aggregate alkaline activated composite with the use of the expanded vermiculite as LWA. Whereas, Yang et. al [11] reported the usage of lightweight expanded clay aggregates (LECA) and normal-weight sand in preparation of lightweight alkaline activated mortars and concretes, based on the alkali activation of ground granulated blast-furnace slag (GGBS) with powder sodium silicate. They reported a range of bulk density for the concrete of 775-1615 kg/m 3 and a compressive strength range of 3.3-19.1 MPa at age of 28 days. However, since the utilization of three source materials combination of FA, MK, and slag has been already adopted for producing LWAGC [12] , there is no published work adopted the FA as the only source material to prepare a geopolymer binder in FA-based LWAGC production. In addition, no studies yet have revealed the design basis of making the LWAGC. Therefore, the main objective of the current study is to design and produce LWAGC using LWA and geopolymer binder prepared by the alkaline activation of FA as the only source material. The LWAGC has been designed based on the ACI 211.2-98 [13] standard. The microstructure of the geopolymers and the effect of the aging on the compressive strength of the LWAGC have also been investigated.
Materials characterization and specimen preparation procedure

Materials
The FA used in this study was obtained from the Sultan Abdul Aziz Power Station, Kapar, Selangor, Malaysia. The chemical composition of the FA was determined by X-ray fluorescence (XRF) which is listed in Table 1 . The calcium oxide content of the used FA was more than 10%; hence it can be classified as Class-C fly ash according to ASTM C618-08 [14] . About 90% of FA particles size was smaller than 40 µm. A technical grade sodium silicate (Na 2 SiO 3 ) obtained from Sigma Chemical Ltd. was used, with a chemical composition of SiO 2 =30.1 %, Na 2 O = 9.4 %, H 2 O= 60.5 % and a modulus ratio (M S ) equal to 2 (where M S = SiO 2 / Na 2 O). Sodium hydroxide pellets of 97-99 % purity were supplied by Sigma-Aldrich Co, were used in preparing of 12 M NaOH solution. The alkaline activator prepared by mixing the Na 2 SiO 3 and NaOH solution at a constant mass ratio of 1:1. The LWA that used for the LWAGC preparation was commercial lightweight expanded clay aggregate (LECA) and it was supplied by Hydroponics & Plant Care Pte Ltd. The aggregate size was in the range of 4-8 mm and has a specific gravity of 1.05 with water absorption of 17.2 %. The fine aggregate used for the geopolymers mortar and concrete preparation was locally available natural sand with maximum particle size of 2.36 mm, water absorption of 1.6 %, specific gravity of 2.50 and fineness modulus of 2.83. Table 2 indicates the mix design for the geopolymer paste, mortar and LWAGC. The geopolymers were prepared by mixing the solid constituents in a 5 L capacity mixer for 5 min, and then the alkaline activator liquid prepared in advance was gradually added to the mixture. The moisture absorption of the fine and coarse aggregates was constrained by adding free water equivalent to the absorbed water capacity for each aggregate to the mixture. The wet mixing was continued for 5 min followed by testing the initial slump for the concrete. After that, each mix was poured into 100 mm 3 cubic plastic molds and wrapped using a thin plastic layer to prevent water evaporation. The wrapped molds were cured in an oven at 70ºC for 24 h. Finally, the molds were taken out of the Table 3 illustrates the physical properties of the geopolymers at age of 28 days. It can be seen that the compressive strength of the LWAGC has the lowest compared to both the geopolymer paste and mortar. The comparison of the OD-densities of the geopolymers shows that the LWAGC had density of 25.6 % and 26 % lower than the densities of geopolymer paste and mortar, respectively. The decrease in the value of the LWAGC density is likely the responsible for the decrease compressive strength, as the compressive strength of LWC is significantly dependent on its dry density [15, 16] . In addition, Fig1 shows the particle core characteristics of the adopted LWA as seen under the optical microscope. It can be seen the multi-fine pours and voids are consistently found in the structure of the LWA which provides a lightweight and superior thermal and acoustic insulation properties, although these characteristics reduce the strength of the aggregate and weaken the resultant concrete [12] . Nevertheless, the obtained concrete with density of 1438.7 kg/m 3 and a compressive strength of 18.86 MPa at 28 days is considered high-quality strength LWC compared to other LWCs, reported by Yang et.al [11] . They reported a compressive strength for lightweight aggregate alkali-activated GGBS concrete of 19.1 MPa at 28 days which had a density of 1615.1 kg/m 3 . They adopted a combination of normal-weight sand as fine aggregate and coarse LECA as the LWA for making their concrete. Thus, since they used the same aggregate combination, the alkali-activation of the FA with liquid activator appeared to be better than the alkali-activation of GGBS with powder activator, as it produced almost the same strength but with less density. Fig 2 shows the compressive strength development of LWAGC with the varying aging times. The concrete gained 12.01 MPa at an age of 3 days and 15.71 MPa at the age of 7 days. However, the strength developing rate was slightly reduced beyond the 28 days of age. This trend may be attributed to the fact that the geopolymerization process produces excellent early strength at early aging stages [6] . On the other hand, the absorbed water and/or activator liquid by the LWA during the fresh mixing may have a favorable effect on the strength development at the long-term age due to the continuously activation while the moisture and/or absorbed liquid released from the saturated aggregate [17] . Hence, the LWAGC continued to gain strength until age of 91 days. Advanced Materials Research Vol. 626 Fig.3 represents the microstructure images of the geopolymers paste, mortar and LAWGC as seen under the optical microscopy. The microstructure of geopolymer paste presented in Fig.3a shows a homogenous porous structure with trace of micro-cracks resultant from the evaporation of water during the curing period. Fig.3b illustrates the microstructure of the geopolymer mortar which demonstrates the absence of the micro-cracks from the structure due to the sand inclusion to the geopolymer paste structure. The inclusion of the sand increased the density of the mortar as indicated earlier in Table 3 , which responsible for the increase in the compressive strength. Moreover, Fig. 3c represents the microstructure image of the LWAGC, it seen that the boundary between the geopolymer mortar and the aggregate in the interfacial zone is distinct without interaction between the geopolymer matrix and the aggregate. The distinct boundary in the interfacial zone indicated that the high alkalinity environment of the reaction does not react with the aggregate surfaces. The significance of the alkaline activator was limited on the dissolution of the fly ash powder and favorable the reaction. The absence of the interaction between the binder matrix and the aggregate is attributed to the smooth surface of the LWA [18] . 
Results and discussion
Conclusion:
The significant result of the current study was the proven of the reliability of ACI 211.2-98 standard used for the designing and mix proportioning of OPC lightweight aggregate structural concrete in production of LWAGC at the desired compressive strength and at acceptable range of density. The microstructure images has been showed that the high alkalinity chemical reaction of the geopolymerization process does not react with the used aggregate, and the aggregate surface feature hider the interaction between the geopolymer matrix and aggregate. The LWAGC produced from the alkaline activation of FA by liquid alkaline activator in particular was better than the alkaline activation of GGBS with powder activator.
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